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A M T R A C 1  

Many of the problems a s s o c i a t e d  w i t h  countdown p l a n n i n g  
r e q u i r e  a s e n s i t i v i t y  a n a l y s i s  of t he  p r o b a b i l i t y  of meet ing  a 
l a u n c h  window as a f u n c t i o n  o f  v a r i o u s  f a c t o r s .  These f a c t o r s  
i n c l u d e  : 

a. l o g i c a l  sequence of a c t i v i t i e s  
b. equipment f a i l u r e  r a t e  d i s t r i b u t i o n s  
c .  equipment repair  time d i s t r i b u t i o n s  
d .  r e c y c l e  p o l i c i e s  
e.  l e n g t h  of launch  window 

A t o o l  f o r  performing such a n  a n a l y s i s  has been d e v e l -  
oped a t  Bellcomm i n  t h e  form of a countdown s i m u l a t i o n  programmed 
f o r  u s e  on a d i g i t a l  computer. 
f a c t o r s  as i n p u t s  and performs a l a r g e  number of Monte C a r l o  
t r i a l s  of  t he  countdown. 

‘ 
The s i m u l a t i o n  takes the  above 

1 

The p r ime  output  of t h e  s i m u l a t i o n  is t h e  d i s t r i b u t i o n  
of t imes t o  complete t he  countdown. 
a l a u n c h  window i s  t h e n  the f r a c t i o n  of t r i a l s  which were 
s u c c e s s f u l l y  completed w i t h i n  that  l aunch  window. 

The p r o b a b i l i t y  of meet ing  

The Bellcomm e f f o r t  has t h u s  far demonstrated t h e  
f e a s i b i l i t y  of s i m u l a t i n g  a countdown from a systems v iewpoin t .  
It has a l s o  shown that  t h e  s i m u l a t i o n  can be made fast  enough 
t o  y i e l d  s t a t i s t i c a l l y  meaningful r e s u l t s  w i t h i n  r e a s o n a b l e  
amounts of problem f a c i n g  
p o t e n t i a l  u s e r s  i n  c o l l e c t i n g  r e a s o n a b l e  
estimates of t h e  
the  countdown. 

a PERT-l ike  diagram of 
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I. Genera l  D e s c r i p t i o n  of S imula t ion  

The s i m u l a t i o n  c o n s i s t s  of making a l a r g e  number of 
Monte Carlo countdown t r i a l s  us ing  a ma themat i ca l - log ica l  
model of t h e  countdown. The p r o b a b i l i t y  of meet ing  a l aunch  
window i s  t h e  f r a c t i o n  of t r i a l s  i n  which t h e  countdown i s  
s u c c e s s f u l l y  completed w i t h i n  t h a t ' l a u n c h  window. 

A program to r u n  t h i s  s i m u l a t i o n  on a d i g i t a l  compu- 
t e r  has been w r i t t e n  i n  MAP and FORTRAN I V .  It may be r u n  on 
a n  IBM 7040 o r  7044 computer ope ra t ing  under  a n  IBSYS Monitor 
System, or on t h e  Bellcomm 7040-44 computer system u s i n g  BCMSYS. 

I n p u t s  to t h e  s i m u l a t i o n  - t h e  f a c t o r s  which d e t e r -  
mine t h e  l aunch  p r o b a b i l i t y  - i n c l u d e :  

a. 

b .  

C .  

d .  

e .  

t h e  l o g i c a l  sequence of countdown a c t i v i t i e s  
( i - e . ,  a PERT-like diagram of t h e  countdown) 

a l i s t  of t h e  equipments needed to perform each  
a c t i v i t y  ( "equipments" i n c l u d e  S/C systems,  L/V 
systems,  range  systems and GSE sys tems)  

t h e  f a i l u r e  ra te  and r e p a i r  t ime d i s t r i b u t i o n s  f o r  
each  equipment 

t h e  d e c i s i o n  p o l i c y  to be used for hand l ing  f a i l u r e s  
and countdown t e r m i n a t i o n  

t h e  l e n g t h  of t h e  launch  window 

For each countdown t r ia l  t h e  s i rnu la t ion  o p e r a t e s  by 
look ing  a t  t h e  *countdown whenever a " S i g n i f i c a n t  event '!  occurs .  
" S i g n i f i c a n t ,  even t s "  a r e  t he  s t a r t  of an  a c t i v i t y ,  t he  succesB- 
f u l  comple t ion  of a n  a c t i v i t y ,  t h e  a r r iva l  of a n  equipment 
f a i l u r e ,  and t h e  complet ion of repairs on an  equipment.  

Each type  of s i g n i f i c a n t  event  has  i t s  own method 
o f  be ing  processed .  However, a l l  of t h e  p rocess ing  methods 
c o n s i s t  of upda t ing  equipment h i s t o r i e s ,  changing a c t i v i t y  
and equipment s t a t e s ,  and p r e d i c t i n g  when o t h e r  s i g n i f i c a n b  
e v e n t s  w i l l  t a k e  p l a c e .  The countdown t r i a l  p roceeds  u n t i l  
e i t h e r  t h e  countdown i s  s u c c e s s f u l l y  completed o r  a d e c i s i o n  
t o  s c r u b  i s  made. 
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When a countdown trial ends, the desired data 
(e.g., completion time, equipment usage times, scrub decisions) 
are recorded and collated with data from previous trials. The 
states and histories of equipments and activities are reset 
and a new trial begun if requested. 

Among the problems associated with using digital 
computer simulatiocs are computer usage time and computer 
nemory requirements. Bokh were basic considerations in 
setting up this simulation and have turned out to be within 
workable limits. The simulation can hagdle hundreds of 
activities and hundreds of equipments with running times* 
per countdown trial (after setting up the simulation o n  the 
machine) varying from 0.5 - 5.0 sec. The variations in 
time are caused by the n-umber and values of the inputs, 
and by the number and form of the autputs requested. 

Another problern. associated with this particular 
simulation, is the difficulty in obtaining the necessary 
inputs. This problem is not one of the inputs not existing, 
but rather one of the inputs not being on paper. For 
instance, the authors have been unable to find PERT-like 
diagrams of countdowns. The information in a countdown 
manual is insufficient - it does not show logical relation- 
ships, i.e., which activities must be done in series and 
which may be done in parallel. Bounds on the other inputs 
can be estimated, but parametric studies cannot be run 
ihiithoct these PERT-like diagrams. Producing a PERT-like 
diagram of a Saturn countdown would involve having the personnel 
associated with planning the countdown document the countdom 
information in this form. 

It was intended tha$ the present version of the 
simulation: 

a. prove the feasibility of rraking a systems analysis 
of the countdown using Monte Carlo techniques 

b, determine if such techniques Could be used in 
reasonable amounts of computer time, and 

e. serve as a basic model which can be further 
sophisticated without complete revision. 

These goals have largely been satisfied. 

%These running times refer to an IBM 7040-44 computer system 
operating under BCMSYS. 

n 
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11. I n p u t s  

The b a s i c  i n p u t s  to t he  s i m u l a t i o n  are  t h e  l o g i c a l  
sequence of a c t i v i t i e s  which make up t h e  countdown, t h e  equip-  
ments needed to perform t h e s e  a c t i v i t i e s ,  t h e  l e n g t h  of t h e  
l aunch  window, and t h e  d e c i s i o n  p o l i c y  f o r  handl ing  f a i l u r e s  
and countdown t e r m i n a t i o n .  Th i s  s e c t i o n  d e f i n e s  t h e s e  i n p u t s  
and g i v e s  t h e i r  computer memory space r equ i r emen t s .  

A.  A c t i v i t i e s  

A c t i v i t i e s  a r e  def ined  h e r e  a s  t h e y  are  i n  PERT: 
mu tua l ly -exc lus ive  tasks which  r e q u i r e  manpower, m&te.?ia:, 
f a c i l i t i e s ,  o r  o t h e r  r e sources  and which t o g e t h e r  c o n s t i -  
t u t e  the  counsdown. Each a c t i v i t y  A, i s  c h a r a c t e r i z e d  by 

t h e  seven l tems desc r ibed  below. I tems  1 - 3 must be 
s p e c i f i e d  if t h e y  e x i s t .  I t e m s  4 - 7 must e x i s t  and must 
be s p e c i f i e d .  

t h o s e  

4 

1. Immediate Log ica l  P r e r e q u i s i t i e s  ( I L P ) .  The immediate 
l o g i c a l  p r e r e q u i s i t e s  a r e  t h o s e  a c t i v i t i e s  which n u s t  
be s u c c e s s f u l l y  completed immediately be fo re  Aij.  

"Immediately"  r e f e r s  to l o g i c  ra ther  5han t k e .  
Example: R e f e r r i n g  t o  F igure  1, where a r r o w s  pepresen t  
a c t i v i t i e s  and c i r c l e s  t h e  beg inn ings  g f  a c t i v i t l e a ,  

ancl C1 , t h e  only I L P ' s  of A a r e  A,,, and A 

a l t h o u g h  p r e r e q u i s i t i e s ,  a r e  n o t  immediate p r e r e q u i s i t e s .  

- 

45 c9 34' 5 2  2 

2 

3 

F i g u r e  1 - A c t i v i t y  Sample Sequence 
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2. Immediate Log ica l  Fol lowers  ( I L F ) .  The immediate 
l o g i c a l  f o l l o w e r s  a r e  t h o s e  a c t i v i t i e s  f o r  which 

i s  a n  immediate l o g i c a l  p r e r e q u i s i t e .  I n  Ai j 
F igure  1 t h e  ILF f o r  A i s  A56. 45 

Note t ha t  s p e c i f y i n g  i tems 1 and 2 f o r  every  a c t i v i t y  i s  
e q u i v a l e n t  to g i v i n g  t h e  PERT network of t h e  countdown. 

3. Time  P r e r e q u i s i t e .  A t ime p r e r e q u i s i t e  i s  t h e  "real" 
t ime b e f o r e  which a c t i v i t y  A i j  cannot  s ta r t .  
t ime i s  counted cont inuous ly  from z e r o  s t a r t i n g  a t  or 
b e f o r e  t h e  f i r s t  a c t i v i t y ,  as opposed to T-time which 
i s  counted backward t o  z e r o  a t  l i f t - o f f  and which i s  
suspended du r ing  holds  ~ 

"Real" 

Time p r e r e q u i s i t e s  can be  used to s i m u l a t e  b u i l t - i n  
ho lds ,  as i n  t h e  example below. With minor program 
m o d i f i c a t i o n  they  may a l s o  be used to s i m u l a t e  p r e -  
r e q u i s i t e s  i n  T-time. Example: R e f e r r i n g  to Figure  2, 
assume t h a t  a c t i v i t y  A12 star ts  a t  r e a l  t ime t=O and 
tha t  it normally t a k e s  1 0  minutes  t o  be completed.  
A t ime p r e r e q u i s i t e  of t=40 on a c t i v i t y  A would 
t h e n  r e p r e s e n t  a 30 minute b u i l t - i n  h o l d  gstween the 
a c t i v i t i e s .  

F igu re  2 - Sample A c t i v i t y  Sequence 

4. Equipments. Equipments a r e  t h o s e  p h y s i c a l  i t ems  
needed to perform a c t i v i t y  A i j  ( s e e  more complete 
d e f i n i t i o n  i n  s e c t i o n  IS-B).  
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5.  

6 .  

7.  

A c t i v i t y  t ime.  The a c t i v i t y  time i s  t h e  l e n g t h  of  
t i m e  needed t o  perform a c t i v i t y  A i j  if none o f  i t s  

equipments f a i l .  It i s  s p e c i f i e d  as e i t h e r  a c o n s t a n t  
o r  a random v a r i a b l e  drawn from a g iven  d i s t r i b u t i o n ,  
Note t h a t  " a c t i v i t y  t ime" i s  n o t ,  i n  t h i s  v e r s i o n ,  
p e r m i t t e d  t o  be a f u n c t i o n  of t h e  l e n g t h  o f  t h e  
countdown. 

Mode T i m e .  
r e q u i r e d  by A i j  i s  i n  a p a r t i c u l a r  mode d u r i n g  A i j .  
The mode times are  g iven  as c o n s t a n t s  which sum t o  
t h e  mean a c t i v i t y  t ime.  When random a c t i v i t y  t imes 
are  used these  c o n s t a n t  mode t imes are a d j u s t e d  t o  sum 
t o  t h e  random number chosen as t h e  a c t i v i t y  t ime.  

Recycle P o i n t s .  
t he  f a i l u r e  of one of i t s  equipments ,  t h e  a c t i v i t y  i s  
s topped  wh i l e  t h e  equipment i s  r e s t o r e d  t o  working 
c o n d i t i o n .  When P e s t o r a t i o n  i s  completed,  c e r t a i n  
a c t i v i t i e s  are  r e c y c l e d  t o ,  i . e . ,  become t h e  ILF's 
of t h e  r e s t o r a t i o n  process .  These a c t i v i t i e s  are  t h e n  
c a l l e d  t h e  " r e c y c l e  p o i n t s "  o f  A i . .  
p o i n t  must be  s p e c i f i e d  f o r  each  a c t i v i t y .  
be said about  them i n  s e c t i o n  11-D. 

Mode time i s  t h e  t i m e  t h a t  each  equipment 

When a c t i v i t y  A i j  i s  i n t e r r u p t e d  by 

A t  l eas t  one r e c y c l e  
More w i l l  

B.  Equipment s 

Equipments are  t h o s e  mutua l ly  e x c l u s i v e  p h y s i c a l  i tems 
needed t o  perform t h e  v a r i o u s  a c t i v i t i e s  o f  t h e  count- 
down. Equipments may b e  p a r t s  o f  t h e  space  v e h i c l e ,  GSE,  
o r  r ange .  They may b e  components, systems o r  subsystems. 
The on ly  c o n s t r a i n t s  are tha t  each  must be  a s s o c i a t e d  w i t h  
a t  l eas t  one a c t i v i t y  and must be f u r t h e r  d e f i n e d  by t h e  
f o l l o w i n g  i n f o r m a t i o n ,  a l l  of which must b e  g i v e n  f o r  each  
equipment:  

1. Modes of  Opera t ion .  The v a r i o u s  l e v e l s  o f  usage 
of t h e  equipment;  e . g . ,  o f f ,  warm-up, f u l l - o n .  

2 ,  T i m e - t o - f i r s t - f a i l u r e  D i s t r i b u t i o n  F u n c t i o n  
Fer Pbde (TTFF-d.f.1. - T h e  TTFF-d.f. i s  t h e  r e l a t i o n -  
s h i p  between t ime ti  and t h e  p r o b a b i l i t y  t h a t  t h e  

equipment f a i l s  by  t i m e  t 
accumulated i n  mode i and i s  measured from t h e  
l a t e s t  renewal  p o i n t  of t h e  eqfiipment. Renewal 

where ti  i s  t i m e  i' 
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p o i n t s  are  e i t h e r  t h e  s t a r t  of  t h e  countdown o r  t h e  
comple t ion  of  r e p a i r s  on t h e  equipment.  A t ime-to-  
f i r s t - f a i l u r e  d i s t r i b u t i o n  f u n c t i o n  must be g i v e n  
f o r  each  mode. 

3. R e s t o r a t i o n  T i m e  D i s t r i b u t i o n  Funct ion .  R e s t o r a t i o n  
t i m e  i s  t h e  t i m e  needed to r e s t o r e  a n  equipment 
to working c o n d i t i o n .  It i s  measured from t h e  t i m e  
t h e  equipment was d i scove red  t o  have f a i l e d  and i n c l u d e s  
t i m e  needed f o r  d i a g n o s i s ,  a c c e s s ,  and r e p a i r  o r  r e p l a c e -  
ment. It does n o t  i n c l u d e  t i m e  needed t o  repea t  a por-  
t i o n  of  t h e  countdown. The r e s t o r a t i o n  t ime i s  a random 
v a r i a b l e ;  i t s  d i s t r i b u t i o n  f u n c t i o n  i s  g iven  as an  i n p u t .  

C .  Launch Window and Upper Bound 

A launch  window i s  t h e  cont inuous  i n t e r v a l  o f  t i m e  w i t h i n  
which t h e  countdown must be completed i f  a l aunch ing  i s  
t o  be  made. The l e n g t h  of such a window i s  s u p p l i e d  as 
an i n p u t .  S ince  some countdown t r i a l s  are  a l lowed t o  
r u n  beyond t h e  end o f  t h e  launch window t o  see when 
t h e y  would have f i n i s h e d ,  an upper  bound on t h e  l e n g t h  
o f  a t r i a l  must a l s o  be g iven  as an i n p u t .  

D. Dec i s ion  P o l i c y  f o r  Handling F a i l u r e s  and Countdown Terminat ion  

I n  t h i s  v e r s i o n  of  t h e  s i m u l a t i o n  t h e  a u t h o r s  have chosen 
to implement only  one of  t h e  many p o s s i b l e  p o l i c i e s  f o r  
h a n d l i n g  f a i l u r e s  and d e c i d i n g  when t o  t e r m i n a t e  t h e  count- 
down. The on ly  degree of  freedom l e f t  t o  t h e  u s e r  i s  t h e  
cho ice  of r e c y c l e  p o i n t s .  L a t e r  v e r s i o n s  o f  t h e  s imula-  
t i o n  w i l l  h o p e f u l l y  provide  a d d i t i o n a l  degrees of freedom 
i n  t h i s  p o l i c y  and make i t  more J u s t i f i a b l e  t o  c a l l  t h e  
p o l i c y  an " inpu t " .  The p r e s e n t  p o l i c y  i s  as f o l l o w s :  

1 Equipment F a i l u r e s  

a .  F a i l u r e s  are  d e t e c t e d  i m m e d i a t e l y  i f  t h e  equipment 
i s  i n  use ,  o r  immediately upon a t t empt ing  to u s e  t h e  
equipment if it i s  no t  i n  use  a t  t h e  tirhe o f  f a i l u r e ,  

b .  A s  soon as f a i l u r e  i s  d e t e c t e d ,  t h e  a c t i v i t y  involved  
i s  s topped  and t h e  f a u l t y  equipment immediately 
e n t e r s  a r e s t o r a t i o n  a c t i v i t y .  Those a c t i v i t i e s  f o r  
which t h e  i n t e r r u p t e d  a c t i v i t y  i s  a p r e r e q u i s i t e  a re  
h e l d  up, bu t  no o t h e r s  a r e  de layed .  
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c .  When t h e  equipment -has been r e s t o r e d  t o  working 
o r d e r ,  t h e  i n t e r r u p t e d  a c t i v i t y ' s  r e c y c l e  p o i n t  
l i s t  i s  used t o  de te rmine  where t o  r e c y c l e  t o ;  i . e . ,  
which a c t i v i t i e s  a re  t o  be t h e  immediate l o g i c a l  
f o l l o w e r s  o f  t h e  r e s t o r a t i o n  p r o c e s s .  

2 .  Termfnat ing  t h e  Countdown 

Fol lowing  t h e  complet ion o f  every  a c t i v i t y  and r e s t o r a -  
t i o n  p r o c e s s ,  a check i s  made t o  see i f  t h e  l e n g t h  o f  
t h e  c r i t i c a l  path '  t o  t h e  end of  t h e  countdown exceeds  
t h e  remain ing  t ime t o  t h e  end o f  t h e  l aunch  window. 
I f  i t  does n o t ,  t h e  countdown t r i a l  c o n t i n u e s  ( u n l e s s ,  
o f  c o u r s e ,  t h i s  was t h e  l a s t  a c t i v i t y ) .  I f  i t  does ,  a 
d e c i s i o n  t o  t e r m i n a t e  t h e  countdown i s  r eco rded  b u t  
t h e  s i m u l a t e d  countdown c o n t i n u e s  u n t i l  i t  i s  e i t h e r  
s u c c e s s f u l l y  completed or exceeds  t h e  upper  bound. 

E.  Memory Space Requirements 

The memory s i z e  of t h e  d i g i t a l  computer which i s  used t o  
r u n  t h i s  s i m u l a t i o n  l i m i t s  t h e  numbers of  e v e n t s ,  equipments ,  
and o t h e r  i n p u t s  which can b e  s p e c i f i e d  , The program i t s e l f  
u s e s  about  8 K  words. I n  a d d i t i o n ,  t h e  number o f  spaces  needed 
p e r  equipment i s  

2 

[4 t 6N1 
and t h e  number p e r  a c t i v i t y  i s  

[ 2 ( R  + P f F )  + L + Q ( N  + 2 )  t 141 
where R = no. of  r e c y c l e  p o i n t s  

P = no,  of  I L P ' s  
F = no. of  I L F ' s  
L = no. of l aunch  windows be ing  cons ide red  
Q = no. of  equipments 
N = no. of  modes 

l T h e  " c r i t i c a l  path' '  i s  d e f i n e d  here as t h e  p a t h  ( t h r o u g h  t h e  
l o g i c a l  sequence of  remaining a c t i v i t i e s )  w i t h  t h e  l o n g e s t  mean t i m e ,  
The mean t i m e  f o r  each  p a t h  i s  c a l c u l a t e d  assuming no f u r t h e r  f a i l -  
u r e s  w i l l  occur .  

i n c r e a s e  i n  runn ing  t ime i s  f e l t  t o  be  p r o h i b i t i v e  f o r  pu rposes  of 
t h i s  s i m u l a t i o n .  

2Tapes may be used t o  augment t h e  memory o f  t h e  computer bu t  t h e  
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I f  t h e  average  va lue  o f  each of t h e s e  parameters  
w e  3., t h e  Bellcomm 7040-44  computer system ( w i t h  
32K memory) could  eas i ly  handle  250  a c t i v i t i e s  and 
500 equipments.  

111. 

The p a r t i c u l a r  i n fo rma t ion  which i s  r eco rded  and c o l l a t e d  
depends upon t h e  u s e r ' s  a p p l i c a t i o n .  Examples o f  a v a i l a b l e  out-  
p u t s  a r e  t h e  d i s t r i b u t i o n  o f  times t o  complete  t h e  countdown, t h e  
equipment usage t imes,  equipment f a i l u r e s  and t imes  of t h e s e e f a i l -  
u r e s ,  and a r e c o r d  of d e c i s i o n s  t o  premature ly  t e r m i n a t e  t h e  count-  
down, 

T h i s  s e c t i o n  p r e s e n t s  a d e s c r i p t i o n  of how t h e  countdown 
model o p e r a t e s .  Emphasis h a s  been p l aced  on t h e  o v e r a l l  l o g i e  
r a t h e r  t h a n  on t h e  programming d e t a i l s .  The s e c t i o n  ends w i t h  a 
d i s c u s s i o n  of t h e  machine t ime needed p e r  countdown tpzal .  

A .  D e f i n i t i o n  o f  S t a t e s  and Events 

Some f u r t h e r  d e f i n i t i o n s  a r e  necessa ry  b e f o r e  proceeding  
w i t h  t h e  o p e r a t i o n  of t h e  model. 

1. Sta ies  of  a n . A c t i v i t y  

Each a c t i v i t y  i s  r e q u i r e d  t o  be i n  one o f  t h e  fo l low-  
i n g  mutua l ly  e x c l u s i v e  and e x h a u s t i v e  s t a t e s  a t  any 
p o i n t  i n  t i m e :  

a. L o g i c a l l y  Not Ready 

A t  l e a s t  one o f  i t s  immediate l o g i c a l  p r e r e q u i s i t e s  
i s  no t  completed.  

b. L o g i c a l l y  Ready 

A l l  l o g i c a l  p r e r e q u i s i t e s  are completed.  The 
a c t i v i t y  i s  scheduled t o  s t a r t  a t  t h e  t ime t h e  
l a s t  l o g i c a l  p r e r e q u i s i t e  was completed,  o r  a t  
i t s  time p r e r e q u i s i t e ,  whichever  i s  l a t e s t .  Th i s  
" s t a r t ? - ' e ime  i s  s t o r e d  w i t h  t h e  s t a t e  of t h e  
a c t i v i t y .  I f  at t h e  scheduled  s t a r t i n g  t i m e  any 
equipment r e q u i r e d  by t h e  a c t i v i t y  i s  no t  a v a i l a b l e ,  
t h e  s t a r t  t ime i s  changed t o  t h e  e a r l i e s t  t ime t h a t  
a l l  equipments  w i l l  be a v a i l a b l e .  
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c.  I n  P rogres s  - Success  F r e d i c t e d  

The a c t i v i t y  i s  i n  p r o g r e s s  and a s u c c e s s f u l  com- 
p l e t i o n  i s  p r e d i c t e d  f o r  i t  a t  some p a r t i c u l a r  
t ime.  This "end" t ime i s  s t o r e d  wi th  t h e  a o t i v i t y  
s t a t e .  

d .  I.2 p r o g r e s s  - F a i l u r e  F r e d i c t e d  

The a c t i v i t y  i s  i n  p r o g r e s s  and a t  l e a s t  one of 
i t s  equipments i s  p r e d i c t e d  t o  f a i l  a t  some par -  
t i c u l a r  "vme. T h i s  " fa i l "  t ime i s  s t o r e d  with 
t h e  a c t i v i t y  s t a t e .  

e .  Limbo 

The a c t i v i t y  has been s topped  because of a n  equip-  
ment f a i l u r e .  Recycl ing i s  p r e d i c t e d  t o  t a k e  p l a c e  
a t  t h e  t ime t h e  f a u l t y  equipment w i l l  have been 
r e s t o r e d  t o  working o rde r .  The " r e c y c l e "  t ime  is 
s t o r e d  w i t h  the a c t i v i t y  s t a t e .  

f .  F a i l e d  and Recycled 

The a c t i v i t y  was stopped because  of a n  equipment 
f a i l u r e  which has s i n c e  been c o r r e c t e d .  Recycl ing  
has t aken  p l a c e  b u t  the a c t i v i t y  has n o t  been 
a t t empted  a g a i n .  

g. S u c c e s s f u l l y  Completed 

The a c t i v i t y  has been s u c c e s s f u l l y  completed.  

At t h e  s ta r t  cf t h e  countdowr? t r i a l  every  a c t i v i t y  i s  i n  
e i t h e r  s t a t e  a or b. 

2. S t a t e s  of an  EquiprneQt. 

Every equipment i s  r e q u i r e d  to be i n  one of t h e  fo l lowing  
f o u r  mutua l ly  e x c l u s i v e  and e x h a u s t i v e  states a t  any 
p o i n t  i n  t ime:  

a. Not Tn Use 

The equipment i s  i n  working c o n d i t i o n  bu t  no t  be ing  
used i n  any a c t i v i t y  a t  t h e  moment. 
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b o  Not 2 3  Use - Fai led  

The equipment has f a i l e d  w h i l e  n o t  be ing  used by 
any a z t i v i t y ,  The f a i l u r e  w i l l  no t  b e  d i s c o v e r e d  
u n t i l  some a c t i v i t y  a t tempts  to use  t h e  equipment ,  

The eciiiipmeflt 2s working and be ing  used by some 
a c t i i r i t y .  [An eqL;ipment cannot  be used by  more 
t h a n  m e  a c t i v i t y  a t  any p o i n t  i n  t i m e , ]  

d ,  Restoration 

The equipment has had a f a i l u r e  which was d i s c o v e r e d ,  
R e s t o r a t i o n  t o  working o r d e r  i s  now i n  p r o g r e s s ,  

A t  t h e  s t a r t  of t h e  countdown t r i a l  eve ry  equipment i s  i n  
t h e  "no t  iu? use" s t a t e ,  

j o  Events  

An event i s  d e f i n e d  a s  t h e  change of s t a t e  o f  an  a e t i v i t g  
3r eq,dpmer;t. Of  t h e  many- p o s s i b l e  t y p e s  o f  e v e n t s  f o u r  
ape c c n e i d e r e d  " s i g n i f i c a n t " ,  s i n c e  t h e y  t r i g g e r  a l l  
c:,her: e s e n t s  i n  t h f s  s i m u l a t i o n .  [The t r i gge red  e v e n t s  
a1.e assdmed L O  occur s imul t aneous ly  w i t h  t h e  s i g n i f i c a n t  
eT-ent whEo,h t r i g g e r s  them] 

%e four " s i g n i f i c a n t "  e v e n t s  a r e :  

a, START--the s tar t  o f  an  a c t i v i t y  
b o  END--the s u c c e s s f u l  comple t ion  of  an a c t i v i t y  
c ,  FAIL--the d i scovery  of  a n  equipment f a i l u r e  
d ,  RECYCLE--the completion of  an equipment r e s t o r -  

a t i c n  and t h e  immediate use  of t h e  r e c y c l e  p o l i c y ,  

Note t h a t  four of  t h e  seven  a c t i v i t y  s t a t e s ,  namely b , c ,  
d ,  and e ,  f o r e c a s t  t h e  t i m e  a t  which one of  t h e  above 
s i g n i f i c a n t  even t  w i l l  t ake  p l a c e .  

E o  P r e p a r a t i o n s  f o r  a Run 

A r u n  h e r e  means a setJ of s imula t ed  ecuntdown t r i a l s  u s i n g  
a f i x e d  se t  o f  m p u t s  F o r  any run  t h e  computer f i r s t  
o r g a n i z e s  t h e  inp i j t  dara t n t o  v a r i o u s  l i s t s ,  I f  t h e  da ta  
i s  i n v a l i d  iir ambigucus ,  d i a g n c s t i c  messages a re  p r i n t e d  and 
t h e  r u n  i s  f e m i n a T e d  
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C "  

After t h e  l i s t s  a re  formed, t h e  l a t e s t  a l l o w a b l e  comple t ion  
( L A C )  t ime i s  compated f o r  each  a c t i v i t y  A i j o  The LAC t i m e  
i s  computed by  f i r s t  f i n d i n g  t h e  c r i t i c a l  p a t h  from among 
a l l  p a t h s  which start. WiShA Then t h e  l e n g t h  o f  t h i s  i j  ' 
p a t h  i s  s u b t r a c t e d  from t h e  t ime o f  t h e  end o f  t h e  launch  
WindTW t o  ge t  t h e  L ~ C  t i m e ,  ( I f  t h e  a c t i v i t y  i s  n o t  com- 
p i e t e d  cy t h i s  t f m e ,  a d 9 c i s i o n  t,o t e rmina te ' , t he  countdown 
2 s  r e c c r d e d , )  The abc-;e computations are r e p e a t e d  u s i n g  t h e  
upper  bollnd i n  p l a c e  of t h e  end of t h e  l aunch  window, ( T h i s  
L A C  t i m e  becomes a p p l i c a b l e  when t h e  countdown i s  a l lowed t o  
r 3 n  past  t h e  end of t h e  launch window,: 

Next, t h e  equipment usage times f o r  a p e r f e c t  (no  f a i l u r e s )  
countdown a re  c a l c u l a t e d  and a t e s t  i s  made t o  make s u r e  
t ha t  t h e  l e n g t h  of t h i s  " p e r f e c t "  eountdown i s  l e s s  t h a n  t h e  
upper  bound. The s i m u l a t i o n  i s  t h e n  ready t o  s t a r t  i t s  
f i r s t  countdown t r i a l , ,  The t i m e s - t o - f i r s t - f a i l u r e  f o r  
eve ry  mode o f  every  equipment a r e  g e n e r a t e d  u s i n g  t h e  
d i s t r i b u t i o n s  g i v e n  i n  t h e  i n p u t s ,  and t h e  s i m u l a t e d  count-  
down t r i a l  b e g i n s ,  

The Countdown T r i a l  - 
The countdown t r i a l  I s  i l l u s t r a t e d  i n  f low c h a r t  form i n  
F i g u r e  3 -  Each t r ia l .  ccns is+ ,s  of  l o o k i n g  a t  t h e  count-  
down whenever a s i g n i f i c a n t  even t  o c c u r s ,  and t h e n  u p d a t i n g  
t h e  s ta tes  and h i s t o r i e s  of t h e  v a r i o u s  a c t i v i t i e s  and 
equipments  a f f ec t ed .  by  t h z t  e v e n t ,  The e v e n t s  are examined 
i n  c h r o n o l o g i c a l  o r d e r ,  The "nexS" even t  t o  b e  p rocessed  i s  
found by  scanning  t h e  a c t i v i t y  l i s t  for t h e  e a r l i e s t  f o r e -  
c a s t  e v e n t ,  The event  chosen i s  t h e n  p rocessed  a c c o r d i n g  
t c  its t y p e ,  using one of f o u r  p rocedures  ( d e s c r i b e d  be low) ,  
Af t e r  t h e  prDcess ing  of t h e  event  i s  completed,  t h e  s imula-  
t i o n  r e t u r n s  t c  scann ing  t h e  a c t i v P t y  l i s t  f o r  t h e  nex t  
e v e n t ,  T h i s  procedure  i s  repeated u n t i l  e i t h e r  no more 
e v e n t s  a re  scheduled  - i n  which c a s e  t h e  countdown has been 
s u e c e s s f u l l y  completed - o r  t h e  c r i t i c a l  p a t h  to t h e  end o f  
t h e  countdown i s  g r e a t e r  t h a n  t h e  t i m e  t o  t h e  upper  bound - 
i n  which c a s e  t h e  countdown t r i a l  i s  scrubbed .  I n  e i t h e r  
c a s e  t h e  package of i n fo rma t ion  c o l l e c t e d  d u r i n g  t h e  t r i a l  
i s  c o l l a t e d  w i t h  da.ta f rm p r e v i o u s  t r i a l s ,  A l l  s t a t e s  
and h i s t o r i e s  are reset  afid a new t r i a l  beg ins  i f  r e q u e s t e d .  
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The procedures  f o r  p rocess ing  each  o f  t h e  f o u r  t y p e s  of 
s i g n i f i c a n t  e v e n t s  are expla ined  i n  t h e  nex t  f o u r  s u b s e c t i o n s .  
The a c t i v i t y  whose s t a t e  f o r e c a s t s  t h e  even t  i s  r e f e r r e d  t o  
below as a c t i v i t y  A 

I s  c a l l e d  time t .  
and the  t i m e  a t  which t h e  event  occur s  

i j  , 

1. START Event 

The s e l e c t i o n  of a START even t  as t h e  "next"  event  
i m p l i e s  t h a t  a t  t ime t a c t i v i t y  A has a l l  i t s  p r e -  
r e q u i s i t e s  s a t i s f i ed  and a l l  i t s  necessa ry  equipments 
f ree .  These equipments a r e  t h e n  s e i z e d  - pu t  i n  an 
" in-use" s t a t e  - as of  t ime t and a t e s t  i s  made t o  
de te rmine  i f  any have f a i l e d  s i n c e  l a s t  use .  Another 
t e s t  i s  made t o  determine i f  any w i l l  f a i l  d u r i n g  
a c t i v i t y  A (assuming t h e  a c t i v i t y  i s  no t  i n t e r r u p t e d  
by e x t e r n a l  f a c t o r s ) .  Both of  t h e s e  t e s t s  a r e  made 
u s i n g  t h e  t i m e s - t o - f i r s t - f a i l u r e  gene ra t ed  a t  t h e  l a s t  
renewal  p o i n t  of each  equipment. If e i t h e r  t e s t  t u r n s  
up a f a i l u r e ,  t h e  s ta te  of a c t i v i t y  A changes from 
" l o g i c a l l y  ready" t o  " in  p r o g r e s s - f a i l u r e  p r e d i c t e d " .  
A f a i l  event  i s  scheduled f o r  t f ,  t h e  t ime t h e  f a i l u r e  
i s  d i scove red .  For f a i l u r e s  which occur red  be fo re  t h e  
s t a r t  of a c t i v i t y  A i j ,  t f  = t .  F o r  f a i l u r e s  which a r e  
p r e d i c t e d  t o  occur  du r ing  A 

e a r l i e s t  f a i l u r e .  

i j  

i j  

i j  

t f  i s  t h e  t ime o f  t he  
i j  , 

If no f a i l u r e  i s  p r e d i c t e d ,  t h e  a c t i v i t y  changes s t a t e  
from " l o g i c a l l y  ready" t o  " in-progress -success  p r e d i c t e d "  , 
and an  END event  i s  scheduled f o r  t i m e  T, where T = t+ 
a c t i v i t y  t ime.  

A f t e r  t h e  above o p e r a t i o n s  a r e  completed,  c o n t r o l  r e t u r n s  
t o  t he  event  s e l e c t i o n  mechanism which hun t s  f o r  t h e  nex t  
even t .  

2. END Event 

The s e l e c t i o n  of an END event  i m p l i e s  t h a t  a t  t ime t 
a c t i v i t y  A i s  s u c c e s s f u l l y  completed.  The equipments  
used by  A a r e  r e l e a s e d  a s  of time t and t h e i r  usage 
h i s t o r i e s  updated.  The a c t i v i t y ' s  s t a t e  i s  changed 

i j  

i j  
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from I' i n  p ro  g r  e s s - s u c c e s s p r e d i  c t e d" t o 
completed' ' .  
i s  n o t i f i e d  t h a t  one of  i t s  p r e r e q u i s i t e s  has been 
completed.  
which remained t o  be s a t i s f i ed ,  t h e  f o l l o w e r ' s  s t a t e  
i s  changed t o  " l o g i c a l l y  ready" .  

s u c c e s s f u 11 y 

i j  
Each immediate l o g i c a l  f o l l o w e r  of A 

If A i j  i s  t he  l a s t  l o g i c a l  p r e r e q u i s i t e  

A check i s  t h e n  made t o  de te rmine  i f  A ' s  LAC t ime 
cor responding  t o  t h e  given launch  window has been exceeded. 
If i t  has been exceeded, a d e c i s i o n  t o  sc rub  i s  r eco rded ,  
b u t  t h e  t r i a l  con t inues  u n l e s s  t h e  LAC t ime cor responding  
t o  t h e  upper  bound has  a l s o  been exceeded. A f t e r  t h e  
above o p e r a t i o n s  a r e  corn l e t e d ,  c o n t r o l  r e t u r n s  t o  t h e  

i j  

even t  s e l e c t i o n  mechanis .Ijl , 
3. FAIL Event 

The s e l e c t i o n  of a FAIL event  i m p l i e s  t h a t  a t  t ime t 
a c t i v i t y  A i j  i s  i n t e r r u p t e d  by  t h e  f a i l u r e  of a t  l e a s t  
one of i t s  equipments.  The a c t i v i t y  i s  s topped and 
i t s  s t a t e  changed from " i n - p r o g r e s s - f a i l u r e  p r e d i c t e d "  
t o  "limbo". The f a i l e d  equipments  immediately e n t e r  
a r e s t o r a t i o n  p r o c e s s ,  i . e . ,  changes s t a t e  from " in-  
use"  t o  " r e s t o r a t i o n " .  A r e c y c l e  event  i s  scheduled  
f o r  t h e  t ime t h a t  r e s t o r a t i o n  o f  t h e  equipment w i l l  be 
completed.  The equipment usage t imes  a r e  updated and 
new t i m e s - t o - f i r s t - f a i l u r e  a r e  g e n e r a t e d  f o r  i t .  The 
non- fa i l ed  equipments a r e  r e l e a s e d  - chapge s t a t e  
f rom "in-use" t o  "not  in-use" - and t h e i r  usage t imes  
a r e  updated.  Con t ro l  i s  t h e n  r e t u r n e d  t o  t h e  event  
s e l e c t  i o n  mechanism. 

4. RECYCLE Event 

The s e l e c t i o n  of  a RECYCLE even t  i m p l i e s  t ha t  a t  
t i m e  t r e s t o r a t i o n  i s  completed on t h e  equipment which 
f a i l e d  dur ing  A i j .  The equipment 's  s t a t e  i s  t h e r e f o r e  
changed f rom " r e s t o r a t i o n "  t o  "not- in-use",  and t h e  
a c t i v i t y K s  s t a t e  from "limbo" t o  " f a i l e d  and r e c y c l e d " ,  
Recycl ing i s  immediately begun by  look ing  up t h e  r e c y c l e  
p o i n t s  of  a c t i v i t y  A i j  and s e t t i n g  t h e s e  a c t i v i t i e s  
and a l l  a c t i v i t i e s  dependent on them a s  undone. ( T h i s  
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undoing p r o c e s s  i s  c a l l e d  l l f lush ing ' l  t h e  countdown from 
t h e  r e c y c l e  p o i n t s . )  Any of  t h e s e  a c t i v i t i e s  which 
were i n  p r o g r e s s  a r e  s topped  and t h e i r  equipments are 
r e l e a s e d  a f t e r  updat ing  h i s t o r i e s .  The r e c y c l e  p o i n t s  
themselves  become e i t h e r  l l l o g i c a l l y  r eady"  o r  
no t  ready" ,  depending on whether  o r  no t  t h e i r  p r e r e q u i -  
s i t es  are sa t i s f i ed .  A l l  a c t i v i t i e s  which have o n e ' o f  
t h e s e  r e c y c l e  p o i n t s  as a p r e r e q u i s i t e  become " l o g i c a l l y  
n o t  ready".  No o t h e r  a c t i v i t i e s  are  a f f e c t e d .  

" l o g i c a l l y  

While performing t h e  above o p e r a t i o n s ,  a check i s  made 
on each  r e c y c l e  p o i n t  t o  de te rmine  i f  i t s  l a t e s t  a l low- 
able  complet ion t ime cor responding  t o  t h e  g iven  launch  
window has been exceeded. I f  i t  has, a d e c i s i o n  t o  s c r u b  
i s  r eco rded ,  bu t  t h e  t r i a l  c o n t i n u e s  u n l e s s  t h e  LAC t ime 
correspondirlg t o  t h e  upper bound i s  a l s o  exceeded. Af te r  
t h e  above o p e r a t i o n s  a r e  completed,  c o n t r o l  r e t u r n s  t o  t h e  
event  s e l e c t i o n  mechanism. 

As an example of  r e c y c l i n g  and f l u s h i n g ,  c o n s i d e r  t h e  
a c t i v i t y  sequence i n  F igure  4. 

0 

Figure  4 - Sample A c t i v i t y  Sequence 

45 Suppose t h a t  an  equipment f a i l e d  d u r i n g  a c t i v i t y  A 

and that A 
A 

Is r e c y c l e  p o i n t s  are a c t i v i t i e s  A12 and 45 
A13 ' Then r e c y c l i n g  w i l l  cause a c t i v i t i e s  A12, 1 3 '  



* .. 
BELLCOMM. INC. -16- 

D. 

AZ4, A 3 4 ,  A 4 5 ,  and A46 all to be set undone. 
ities A Y 8  and A 
countdown is scrubbed by the recycle policy. 

Activ- 
will proceed unaffected unless the 89 

Machine Time 

A major requirement on setting up the simulation was to 
obtain fast enough countdown trials so as to permit a suf- 
ficient number of trials for statistically meaningful results 
within reasonable amounts of machine time. The time per 
countdown trial is highly dependent on the number of inputs, 
the values of the inputs, and on the amount of output infdr- 
mation which is collected and printed. For example, the 
order of magnitude of the time per trial for a countdown 
involving 125 activities and 250 equipments varied from 
~0.75 sec.  to $2.0 sec. as the MTBF of each equipment was 
decreased by one order of magnitude. [This resulted from 
a greatly increased number of failures.] The time per 
trial doubled when numerous outputs were printed out individ- 
ually for each trial. These times are in addition to a set- 
up time of 12.5 minutes for the above runs. It is expected 
that this set-up time can be considerably reduced. 

No attempt has been made yet to streamline the simulation 
for speed. However, three features have been devised to 
aid in reducing the time f o r  a run. The first is a test 
before each trial to determine if it will have any failures. 
I? it will not, the trial is immediately recorded as a success 
and the next trial begun. If it will have at least one failure, 
normal processing is used. 

The second time-reducing feature is a continual watch on the 
mean and variance of the countdown completionktimes. When 
the rate of change cif these parameters falls below pre-set 
bounds, the run is terminated. This test is intended to 
dynamically determine how many runs are needed f o r  a partic- 
ular set of inputs. A fixed upper bound on the number of  
trials is included to prevent any runaway situations. 

The third is the ability to play the countdown against several 
launch windows of different lengths simultaneously. The 
effects of launch window length on termination decisions can 
thus be studied without having to make a new run for each 
window while holding other inputs constant. 
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V. Constraints and Improvements 

In the course of setting up the simulation constraints 
were placed on various inputs for the sake of simplicity, memory 
space, or machine running time. Many of the constraints can be 
worked around by proper manipulation of the existing model (thDugh1 
often inefficiently) or by programming changes. This section 
discusses several constraints on the present version of the 
simulation which might be relaxed in later versions, A l l  the 
suggested improvements are considered feasible within the present 
framework, and some have been partially implemented already. 

A ,  Immediate Logical P,rerequisites 

In the current simulation the immediate logical prerequisites 
of an activity are AND'ed logically; all must be satisfied 
before the activity can start. Corequisites, i.e., activ- 
ities which must start simultaneously, can also be handled 
using this AND logic. OR prerequisite logic, in which the 
activity can start if any one of several groups of ILP's 
are satisfied, is not available but might be useful for such 
things as recycling to non-normal activities. 

For example, referring to Figure 5, suppose one wanted to 
replace activity A by activity A' 

2 3  23 

Figure 5 - Sample Activity Sequence 
if A Z 3  fails. 
Then A must have as its ILP A OR A I z 3 .  

(This is not possible at present.) 

34 23 
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B o  Recycle Points 

1, Recycle points are restricted to activities which are 
part of the normal countdown, i.e., those which would 
be done even in a no-failure countdown. There are 
times, however, when recycling to "non-normal" activ- 
ities such as unloading propellants is necessary before 
returning to the normal sequencing. 

2, The recycle points of an activity are also not allowed 
to have that activity as a prerequisite, This eliminates 
the possibility of recycling forward when one wants to 
by-pass non-essential activities in order to save them. 

3. Recycling is currently made to the beginning of the 
recycle point activities. But there are numerous 
activities such as loading propellants, which if at 
all possible are zontinued from the point of inter- 
rup t ion I 

It is obviously desirable to remove all three of the foregoing 
constraints. 

C .  Restoration 

The time needed to restore an equipment in the space vehicle 
may be dependent on whether the arming tower has been removed, 
whether propellant ioading has taken place, and whether the 
astronauts are on-board- Different restoration time distri- 
bution functions may therefcr-e b e  needed for differept ?-time 
intervals, This feature is easy to add to the simulation; the 
Drily important cost is the additional memory space needed to 
store the extra distributions, 

Several assumptions concerning restoration and not previously 
mentioned are the following: no failed equipment can fail 
a.gain while undergoing restoration; the restoration time is 
n o t  added to the equipment usage time; and the restoration 
process does not induce failures in other equipments. 

D o  Failure Detection 

The simulation tries to determine the probability of 
meeting a launch window but does not explicitly concern 
itself with whether this is dcne wfth any undiscovered 



.. 
c 

I 

BELLCOMM,  INC.  -19- 

E. 

F. 

G. 

f a i l u r e s .  The p r o b a b i l i t i e s  of  d e t e c t i n g  f a i l u r e s ,  
g i v e n  you a re  look ing  f o r  t h e m ,  were cons ide red  t o o  
d i f f i c u l t  t o  o b t a i n  t o  be w o r t h  i n c l u d i n g  a t  t h e  p r e s e n t  
t i m e .  

Dea l ing  w i t h  Detec ted  F a i l u r e s  

The p r e s e n t  method o f  d e a l i n g  w i t h  d e t e c t e d  f a i l u r e s  
can be  improved by  p r o v i d i n g  a r i c h e r  cho ice  of  s t r a t e g i e s  
and b y  i n c r e a s i n g  t h e  number o f  p o i n t s  a t  which d e c i -  
s i o n s  a re  made. When a f a i l u r e  i s  d i s c o v e r e d  t h e  
r ange  of d e c i s i o n s  can be expanded t o  i n c l u d e  whether  
or n o t  t o  s c r u b ,  whe the r  t o  hold  t h e  e n t i r e  countdown 
or j u s t  t h e  a f f e c t e d  a c t i v i t i e s ,  whether  t o  u s e  t h e  
normal sequence of  a c t i v i t i e s  or some s p e c i a l  sequence 
such  as s k i p p i n g  t h e  i n t e r r u p t e d  a c t i v i t y  a l t o g e t h e r ,  
and whether  or no t  t o  r e p a i r  t h e  f a u l t y  equipment.  
Any o f  t h e s e  d e c i s i o n s  may be t r e a t e d  as a f u n c t i o n  
of  a c t i v i t y  and equipment s t a t e s ,  s i z e  of and d i s t a n c e  
from t h e  launch  windows, o r  any o t h e r  pa rame te r s  o f  
t h e  s i m u l a t i o n .  If t h e  countdown i s  no t  sc rubbed ,  t h e  
same s e t  of q u e s t i o n s  may be r e p e a t e d  as t h e  h o l d s  or; 
r e p a i r s  p r o g r e s s ,  and a g a i n  when t h e y  are  completed.  The 
c h o i c e  of s t r a t e g i e s  i s  a l s o  widened i f  t h e  c o n s t r a i n t s  
on r e c y c l e  p o i n t s  ( d i s c u s s e d  i n  V-B) a r e  l i f t e d .  

Te rmina t ion  Po l i cy  

The t e r m i n a t i o n  p o l i c y  might b e  g e n e r a l i z e d  s o  t h a t  
a d e c i s i o n  t o  sc rub  i s  made whenever t h e  p r o b a b i l i t y  
of  meet ing  t h e  l aunch  window f a l l s  below a p r e - s e t  
l e v e l .  The l a t t e r  p o l i c y  i m p l i e s  t h e  a b i l i t y  t o  c a l -  
c u l a t e  t h a t  p r o b a b i l i t y  as each c o u n t d o w n ' t r i a l  i s  
runn ing .  

Human F a c t o r s  and Weather 

Human f a c t o r s  and weather a r e  n o t  e x p l i c i t l y  cons ide red  
i n  t h e  s i m u l a t i o n ,  b u t  bo th  may b e  t r e a t e d  as equip-  
ments w i t h  f a i l u r e  r a t e s .  Human f a c t o r s  can be  handled 
by e s t i m a t i n g  t h e  number o f  man-hours invo lved  i n  each  
a c t i v i t y  and c o n s i d e r i n g  t h a t  t ime as be ing  s p e n t  i n  t h e  
11  mode f o r  humans. Weather can be an  equipment t h a t  
i s  "on" and c o n t i n u o u s l y  monitored w i t h  a f a i l u r e  r a t e  
r e f l e c t i n g  both  t h e  weather  c o n s t r a i n t s  on t h e  l aunch  and 
t h e  p r e v a i l i n g  weather at  t h e  KSC. Note, however, t h a t  t h e  



4. ? 

-20- 

Dresent version does not allow acti it time to be a f i  nction 
of the length of the countdown. Consequently, weather would 
not be monitored beyond the length of the nominal countdown. 

VI. Concluding Remarks 

As stated in the introduction, this simulation has thus 
far demsnstrated that a countdown can be simulated from a systems 
vie:vhi,oint and that the simulation can be fast enough to economically 
yield statistically meaningful results. The present problem con- 
cerning its use is not simulation techniques, but rather the gath- 
ering of the necessary input data. 

Future efforts will be concentrated in the following 
areas : 

l r  Obtaining the inputs necessary for using the simulation 
to aid in countdown planning. 

2. Further developing analytical techniques to supplement 
the present simulation. 

3. Participating in discussions with the NASA Centers 
in an attempt to coordinate the efforts presently 
being expended on developing and improving countdown 
models and simulations. 
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